The aims of this study are two-fold. First, the existing literature is reviewed to establish a framework with which to evaluate the evolution of Realistic Mathematics Education (RME) in terms of policies and practices. The framework comprises four factors: (i) national vision and strategy; (ii) curriculum and educational materials; (iii) tests and examinations; and (iv) teacher training programs. Second, this framework was used to analyze RME implementation in Vietnam, based on data obtained from document analysis and participant observation. From the experiences of other countries, several sustainable and suitable guidelines are proposed for the further practical and efficient application of RME in Vietnam. This study also outlines some possible directions for future RME research.
Introduced to Vietnam in the mid-2000s by two oversea Vietnamese Ph.D. candidates (see (Nguyen, 2005; Le, 2006) ), RME has had a significant influence in Vietnam's formal and non-formal education system during the second half of the 2010s. However, the debate about different mathematical teaching methods has grown following the recent change in policy related to a new mathematics curriculum and greater autonomy in syllabus design for local education authorities and schools (Vietnam National Assembly, 2014; VMET, 2018) , in addition to international motivations. At a national level, the chief editor of the new mathematics curriculum, Prof. Do Duc Thai, stated that mathematics should be able to help students become smarter, make more money, and survive (see Thuy (2019a) ). Moreover, a suitable approach to teaching mathematics could improve the Vietnamese students' understanding of the subject . With regard to international motivations, the Sustainable Development Goals (SDGs) (United Nations, 2015) state that education enables the achievement of other objectives; thus, an effective method for achieving basic numeracy should be the main concern of the Vietnamese government over the next few years. Overall, the Vietnamese policymakers have increasingly emphasized the importance of realistic and practical mathematical knowledge in response to both international and national pressures. In this context, RME appears to be a promising solution for Vietnam; however, there is surprisingly little literature on the topic. Although numerous studies have investigated the application of RME in different contexts and educational levels in other countries, little interest has been shown by researchers and educators in Vietnam.
This study, therefore, aims to take the first step toward bridging this gap: based on preliminary data and observations on Vietnamese education, dating back to the mid-2000s, a broad view will be obtained from the following research questions:
i.
To what extent is RME regulated by current policies in Vietnam?
ii.
To what extent is RME implemented actual educational practice in Vietnam?
The paper is structured as follows: Section 2 provides an overview of RME and its theoretical basis; Section 3 introduces a framework for analyzing the implementation of RME comprising four components-(i) ational vision and strategy, (ii) curriculum and educational materials, (iii) tests and examinations, and (iv) teacher training program; Section 4 provides an overview of the education system and mathematics education in Vietnam; Section 5 reviews the current status of RME in Vietnam, based on the four framework components; and Section 6 offers the conclusion.
AN ANALYTICAL FRAMEWORK FOR RME
The implementation of RME can be witnessed worldwide, but differs in extent and aspects. An analytical framework can not only assess the level of RME integration in other countries but also determine how involved Vietnamese education is in RME. The framework developed in this study comprised four distinct yet interrelated factors: first, the educational vision and strategy of a country should align with the objectives of RME (Van den
Heuvel-Panhuizen and Drijvers, 2014) then the other core RME principles should be expressed in the curriculum and educational materials, tests examinations, as well as teacher training programs. This framework is depicted in Figure 1 . Due to the complex nature of each country's education system, both formal and informal implementations of RME are considered in this study. Indonesian schools in reforming mathematics teaching practice (Sembiring et al., 2010) .
Tests and Examinations
According to Crocker et al. (1989) the assessment procedure should reflect the curriculum: if the curriculum uses the realistic approach but assessments a traditional mechanical procedure, the student only learns to pass the test and neglects the learning path (English, 2000) . Therefore, RME should be visible in not only the input (i.e., the curriculum) but also the output (i.e., assessment) process.
In the USA, several assessment authorities have demonstrated a degree of RME integration. The National Assessment of Educational Progress (NAEP) is explicit about tests measuring not only students' level of mathematical knowledge but also their ability to apply their understanding to real problem-solving (National Center for Education Statistics, 2019). Likewise, the College Board (2019) SAT mathematics examination measures students' ability to apply mathematics to problem-solving in real-life scenarios rather than mechanical mathematical knowledge, as their main objective is preparing students for college and future professions.
In the Netherlands, the national mathematics examination was adjusted in accordance with each major educational reform. Consequently, following RME implementation, in addition to closed questions, there were open-ended mathematical problems, closely related to real-life situations and illustrated by graphs or images, that required creative thinking and modeling ability. Several researchers have pointed out the similarities between the problems set in both the Dutch and Programme for International Student Assessment (PISA) tests (Vos, 2013) which would explain the Netherlands' high PISA ranking.
In Indonesia, assessment is mandatory for mathematics at all educational levels; however, the procedure measures mechanical mathematical knowledge. The 2018 national mathematics examination was the first based on higher-order thinking skills, which focuses on critical thinking and analyzing, comprehending, and applying mathematical knowledge (Watson, 2019) . Unfortunately, students considered it to be the most difficult test in recent years (Swaragita, 2018) because, despite studying an RME curriculum, they were unfamiliar with RME assessment and probably required more time before being able to solve contextual problems presented as images or narratives (Retnawati et al., 2017) .
Non-government organizations have also attempted to develop alternative mathematics assessments based on a more practical approach: the tertiary education mathematics test and ACER mathematics assessment for incoming students from ACER Indonesia.
Teacher Training Program
Teachers play an important role in RME, providing guidance to enable students to achieve a higher level of mathematical understanding (Gravemeijer and Doorman, 1999) . Where RME implementation has proved successful, the development of a proper teacher training program had been emphasized (Hadi et al., 2010) . Due to the focus on contextual problems, RME teachers must be flexible and realistic in their approach yet still prepared to direct their students toward a higher level of mathematical generalization and understanding. Without such guidance, RME would fail its ultimate objective of enabling students to comprehend advanced mathematical concepts (Gravemeijer et al., 2016b) . Thus, when reviewing the level of RME integration into an education system, it is essential to include the teacher training program in the analysis.
Supported by well-developed curriculum and educational materials, teachers in the USA are assured of a smooth implementation of RME. In fact, teachers' feedback was considered during the development of the curriculum to ensure consensus over the new teaching methods (Nicol and Crespo, 2006) . US teachers rely heavily on textbooks for teaching (Macintyre and Hamilton, 2010) , indicating successful implementation. Furthermore, the literature on American RME reveals an emphasis on the scientific approach to teachers' professional development (Lewis et al., 2009 ). However, despite several government attempts and millions of dollars in funding, the USA still suffers a shortage of teachers and adequate quality control over teaching training procedures to ensure the integration of RME into teaching practice (Ponte et al. (2009) .
Although it is generally believed that Dutch teachers are more flexible, several studies (e.g., Gravemeijer et al.
(2016a)) have pointed out that while mathematics teachers exercise more control over their lessons, they still depend on textbooks. Using a well-developed learning path, teachers can not only guide their students but also keep their learning progress on course. According to Vos (2013) before RME was formally implemented in the Netherlands, a curriculum, with illustrative examples, was piloted to allow teachers time to adapt to the new approach. An annual professional development workshop was also established nationwide (Hendriks et al., 2010) for mathematics teachers to become familiar with the RME approach. Moreover, teachers are required to regularly send a self-report on their implementation of RME to the authorities that monitor their performance (Vos, 2013) .
Indonesia was one of the earliest Asian developing countries to implement RME. Recent studies show how the importance of teacher training, due to the guidance principle of RME, has been recognized (Revina and Leung, 2019) . However, the main factor behind the variation between Indonesian and Dutch teaching practices is their cultural differences, especially in terms of the teacher's role (Revina and Leung, 2019) . Consequently, Indonesian students are often taught in a conventional passive style, in which they do not express disagreement or interact with their classmates, in contrast to the flexible and individualist approach in the Netherlands (Revina and Leung, 2019) . Due to this traditional teaching role, one core principle is overlooked in the Indonesian RME curriculum:
activity, or a learning path that allows students' active participation in acquiring knowledge (Dolk, 2010; Revina and Leung, 2019) . Without proper teacher training, RME will be taught in an inflexible and didactic style, which defeats the purpose of active participation (Freudenthal, 1973) however, there is little evidence from the literature that an RME-oriented teacher training program exists in Indonesia.
AN OVERVIEW OF THE EDUCATION SYSTEM AND MATHEMATICS EDUCATION IN VIETNAM
With over 16 million children of school age (UNESCO Institute for Statistics, 2017), providing universal access to primary and secondary education is one of the Vietnamese government's main aims (Vietnam Central Steering Committee, 2013) . Its efforts in the structural reform of the education system has been evident in recent years (for instance, see Vietnam Ministry of Education and Training (2017)) alongside the involvement of both private and civil stakeholders in several educational projects, such as the high-profile Viet Nam Escuela Nueva (VNEN)
project-a student-centered, independent-learning model for primary and secondary education (World Bank, 2012).
Overall, educational reform in Vietnam is moving toward practical-based instruction to help students to adapt in a fast-changing society (VMET, 2017), but some practices and policies are criticized as poor imitations of those in other countries . Under pressure from national and international stakeholders, the government and private sector in Vietnam are working toward a universally accessible and practical-based education system that can be flexible and suitable for the Vietnamese context.
As a preeminent subject, mathematics is of great interest to both academics and laypeople and has become central to the discussion on the state of Vietnamese education. Vietnamese students regularly achieve high scores in international mathematics competitions and assessments (e.g., PISA, the International Mathematical Olympiad for high school students), while Vietnam's volume of mathematics research output has resulted in recognition for its academic performance. Indeed, Vietnam ranked 53 rd in 2018 among countries with international publications indexed by the Scopus database (Scimago, 2018) as well as producing more eminent academics in the mathematics field than other developing countries, such as Prof. Ngo Bao Chau (awarded the Fields Medal in 2010) and Prof.
Hoang Tuy (inventor of Tuy's cut; see Tuy (2001) ).
The Vietnamese government consistently prioritizes mathematics and puts it at the center of the education system: along with literature and foreign languages, mathematics is a mandatory subject in the National High School Graduation Examinations. Therefore, being considered core subject by not only teachers and students but also parents, mathematics is open to extensive criticism. While public opinion regards the mathematics curriculum as ponderous and theoretical (for instance, see Quynh (2014)) several mathematicians and experts argue that the real problem was the teaching methods rather than the subject content (Linh, 2018) . Some recent studies (for example, see Nguyen et al., 2019) ) have indeed reported that a large number of students experience difficulties in learning mathematics. Given this situation, both policymakers and private stakeholders have persevered with the reforms and produced the new mathematics curriculum (VMET, 2018) as well as several institutional and individual initiatives. Although RME appears to be an appropriate and promising solution, national researchers have not yet paid it much attention. However, by examining educational policies and teaching practices for elements of RME, this study aims to identify the current position of the realistic approach in the Vietnamese education system.
THE INTRODUCTION OF RME INTO THE VIETNAMESE EDUCATION SYSTEM
Ten years after two Ph.D. students, Nguyen (2005) and Le (2006) took the initiative and independently introduced RME to Vietnamese education by means of their overseas Ph.D. dissertations, little implementation had been undertaken. However, between 2005 and 2015 there was an increased emphasis on practical-based teaching methods for mathematics, followed by official recognition in 2016 with the new qualification framework (Vietnam Prime Minister of Government, 2016). Since then, both national and international private organizations have also attempted to integrate RME into the Vietnamese curriculum, testing procedures, and teacher training programs.
This section analyzes the current situation using the framework described in Section 3.
National Strategy and Vision
In 2005, the term thực tiễn (realistic) was first used officially in discussions on the education law (VNA, 2005) followed by its inclusion in Decision 16/2006/QĐ-BGDĐT announcing the general education program (VMET, 2006) . However, the objectives of primary and secondary mathematics education still failed to reflect RME, focusing on students' acquisition of basic mathematical skills.
Despite several adjustments to the education system over the next five years, traditional teaching methods persisted in mathematics education, prompting considerable criticism of a poorly developed curriculum and ineffective teaching methods (Giang, 2008) .
By 2013, the education system was acknowledged as too theoretical and detached from real life and Resolution 29 aimed at radical reform Vietnam Central Party Executive Committee (2013). In line with the 2005 education law, Resolution 29 emphasized the need for education to enable students to apply their knowledge to real-life situations.
However, RME is yet to be mentioned in any national vision or long-term educational strategy.
In 2010, Prof. Ngo Bao Chau (at the University of Chicago) became the first Vietnamese to be awarded the most prestigious prize in mathematics, the Fields Medal (Minh, 2010) , attracted the public's attention to mathematics. As a result, the Vietnamese government approved the special 10-year National Program for the Development of Mathematics (NPDM) (2010-2020) in terms of both research and teaching (VPMG, 2010).
Unfortunately, ambitious plan overlooked RME and focused mainly on research and gifted training in mathematics.
The Decision on Approving Vietnam's National Qualification Framework (VPMG, 2010) enabled the education system to effectively categorize and standardize different aspects of the education system. As the integration of RME depends on the support of various educational stakeholders, constitutionalizing a standard framework could create the political basis to bring about RME implementation in Vietnam. In fact, the new mathematics curriculum (VMET, 2018) discussed in Section 5.2, is a significant step toward top-down implementation of RME in Vietnam.
In conclusion, from 2005 to 2019, both a practical-based approach to education in general and RME in particular have been mentioned in Vietnamese policies and strategies to different degrees. However, it appears that no detailed official implementation plan for exists at a national level in Vietnam as yet.
Curriculum and Educational Materials
On the one hand, including a specific teaching method in the national vision and strategy requires extensive consideration; on the other hand, due to constant re-evaluation of the national education strategy, those developing the curriculum and educational materials have more opportunity to experiment with different approaches.
Even before RME was introduced in Vietnam, the term -realistic mathematics‖ had first appeared in a 2003 official document, but only in reference to a non-formal education program for adults (VMET, 2003) . Real-life mathematical problems remained a minor part of the curriculum until 2006 (VMET, 2006) when they were introduced for students to not only practice and memorize new knowledge but also enhance their inductive reasoning, which connected mathematical knowledge with other factors of RME.
Despite certain RME-like attributes, the 2006 curriculum was still criticized for being theoretical and ineffective. Specifically, academics argued that its content and objectives were being deliberately distorted to achieve higher scores in important tests and examinations (for instance, see Duong (2019)).
While the new mathematics curriculum takes a similar realistic approach to its 2006 predecessor, it also includes a specific learning path for students to achieve their own objectives (VMET, 2018) . Specifically, the 2018 curriculum moves nearer to RME by focusing more on teamwork and scientific communication skills, encouraging students' active participation in learning, and improving their inductive reasoning of mathematical concepts from solving real-life problems (VMET, 2018) . Furthermore, it guarantees that 7% of mathematics lessons will be spent on practical activities and experimental scenarios (VMET, 2018).
Since 2010, mathematics education has attracted more attention from not only the government but also the private sector. Despite remaining highly critical of recent policies, well-informed Vietnamese parents acknowledge the importance of mathematics, resulting in selective schools, especially private schools, adopting new teaching approaches and initiatives. One example is the -Learn Math with Jenny‖ program (see hoctoancungjenny.edu.vn), based on a Vietnamese doctorate in mathematics from Harvard, that aims to encourage students to learn math actively and creatively; another is the -Improving Mathematical Thinking with a Personal-Oriented Program for Children‖ (POMATH; see pomath.vn) that intends to help individual students overcome common problems in learning by using their imagination to solve fun real-life problems.
Several publishers of educational materials are responding to the recent shift toward the realistic approach in the mathematics curriculum and assessments, while teachers are now realizing that this approach helps students to not only improve their understanding but also negotiate practical problems in examinations (Pham and Nguyen, 2016) . With an upsurge in demand, this period witnessed an unprecedented number of realistic mathematics reference books being published Vu et al., 2017; Nguyen and Tang, 2018) . Moreover, the -Learn Math with Jenny‖ program has developed a mathematics book series (HoctoancungJenny, 2017) based on popular Vietnamese fairy tales, which are not only closely related to Vietnamese children's background but also the realistic approach of RME.
Tests and Examinations
The Vietnamese education system places great emphasis on tests and examinations (Bui, 2018) leading to students learning for the test rather than gaining the understanding to achieve the educational objectives (Ha, 2018) . Thus, without a corresponding assessment procedure, the application of RME in the curriculum is restricted. since then an increasing number of real-life problems have been introduced into different levels of examination and it is proposed to develop a realistic assessment system for mathematics.
Consequently, there was a brief reference in the 2006 mathematics curriculum to a combination of assessment methods that include research activities and experiments inside and outside the classroom. This was followed by the government's acknowledgment in Resolution 29 (VCSC, 2013) of the senseless pursuit of qualifications and scores and its commitment to improving the assessment system.
A momentous phase commenced from that time onwards with the Vietnamese Ministry of Education and
Training trying out various assessment methods, despite growing pressure from Vietnamese students and teachers needing time to adapt to the changes (Dung, 2018) . For the first time in 2016, RME was incorporated into the new mathematics National High School Graduation Examination, which includes highly practical questions related to monetary and everyday problems (VPMG, 2016; Phuong, 2017) . According to several teachers Nguyen et al., 2019) these real-life problems require an extensive understanding of mathematics, but many students are not familiar with this type of question, illustrating a discrepancy between the curriculum, as well as teaching methods, and the assessment procedure. As a result, the minimum entrance score required has dropped across Vietnam (Hoang, 2019) . Another method under consideration is summative assessment: the new 2018 mathematics curriculum (VMET, 2018) specifies that students should be tested on their inductive reasoning, critical thinking, scientific communication, and real-li mathematical problem-solving. Overall, despite a slow start, formal mathematics assessment will be increasingly directed toward the RME approach in future.
Teacher Training Program
Apart from the interrelationship between the curriculum and assessment procedure, as well as government support, another key factor in the complete integration of RME is human. According to the guidance principle of RME, the teacher plays a significant role in the student learning process (Van den Heuvel-Panhuizen and Wijers, 2005); however, as discussed earlier, the human factor has been a major obstacle to RME implementation (e.g., Indonesia, the USA). A proper teacher training program providing sufficient background for teachers to fulfill their guidance role is therefore crucial for successful implementation. This is particularly difficult in Vietnam where the roles of teacher and student are fixed (Lewis, 2002) .
Thus, complementary educational materials were introduced under the 2006 mathematics curriculum to support teachers with developing students' mathematical knowledge through different engaging situations and teamwork (VMET, 2006) . As in the Netherlands, Vietnamese mathematics textbooks provide a learning path for both teachers and students; however, due to the lack of realistic mathematics content and emphasis on achieving higher examination results, despite encouraging student's active participation, the textbooks proved rather inadequate. The government also plays a role in improving teachers' capabilities, though: the Decision on the regular training cycle for mathematics teachers between 2004 and 2007 (VMET, 2004 included 11 out of a total of 115 sessions (13%) devoted to RME-related teaching methods, such as applying mathematics in real life, using inductive reasoning, and learning through group activities. Despite the small number of sessions, this was the ministry's initial attempt to improve mathematics teaching methods by including real-life problem-solving and active participation. However, both the professionals and public regarded such training programs as ineffectual (Dantri, 2016) . Therefore, Resolution 29 (VCSC, 2013) concluded that enhancing human resources in the education sector and encouraging staff to be innovative in their teaching and educational approaches were essential to further progress. Due to the growing popularity of RME, improving teachers' capabilities has been divided between the previously dominant top-down policies and bottom-up initiatives. For instance, has highlighted several problems with current teaching methods and provided suggestions for teacher initiatives, such as including real-life problems to which students can relate, developing clear learning path for each lesson, and encouraging group discussions. In attempting to reform mathematics education in Vietnam, Prof. Do Duc Thai stated that teachers must understand the latent philosophy underpinning the curriculum for it to be successful (VMET, 2018) .
Thus, the process of enhancing teachers' capabilities is expected to be a slow and gradual process, ensuring a change in teachers' mindsets and a thorough understanding of the curriculum. The vision for the new mathematics curriculum is that in future, teachers will have complete independence, or as Prof. Do Duc Thai commented:
-Ideally, we will no longer need textbooks because each teacher will themselves be the book‖ (Thuy, 2019b ).
CONCLUSION
The application of RME in Vietnam was rare from its introduction in 2005 to 2010; however, following
Resolution 29 in 2013, RME received extensive attention from not only the government but also the public, private sector, and teachers. In addition, the ongoing development of the new curriculum in general and its focus on realistic mathematics in particular promises major adjustment in Vietnamese mathematics education.
Overall, the RME implementation from 2010 to 2019 has been more extensive than between 2000 and 2010.
Moving forward, Vietnam takes the benefit from years of experience in adapting a realistic approach and a strong foundation laid by the government and other stakeholders, such as private schools and parents. However, as in Indonesia and the USA, Vietnam lacks the human resources to effectively implement RME: both teaching training programs and the process of adapting the RME curriculum to the Vietnamese context requires considerable time and money to succeed. Nevertheless, despite the delayed and slow implementation, RME has still made advancements into the Vietnamese education system.
Over the last 30 years, RME has proved an effective approach to mathematics teaching worldwide. In the current era of science and technology, the importance of mathematics in general and RME in particular has also significantly increased. Having a young population and a large number of school-age children, Vietnam's new objective in developing mathematics is open to RME in terms of practice and research. As such, this study aims to contribute the basis for further study of RME in Vietnam. Future studies should undertake more empirical research, focusing on the crucial problems of implementing RME in Vietnam, such as adjustments to the assessment procedure to properly measure RME learning outcomes (for example, see Drijvers et al. (2019) ) and support for teachers to fully incorporate RME into their practice (for example, see Sevinc and Lesh (2017) 
